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Abstract 
In nature, many systems function similarly to tensegrities, at all scale levels. The paper presents some applications of the method 
of creativity treated in [4], having the intention to reduce the types of structures of mechanical tensegrities to a finite number of 
models; so that we can simplify the design, in the same time maintaining a great variety of functions. The other purpose of this 
study is to obtain new tensegrity mechanisms that have the same structure and function in a similar way to natural systems. 
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1. Introduction 
A tensegrity system is a prestressed (internal stress prior to application of external force) stable closed structural 
system, realised by compression struts within a network of tensile elements.  
Initially, Snelson named this kind of structure "Floating Compression", but later Fuller changed its name into 
"tensegrity" which represents a contraction of the words "tension" and "integrity" [12, 27].  
 
 
 
Figure 1: Snelson’s “X” piece. 
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Tensegrities are structures (Fig. 2) or mobile systems (Fig. 3) depending on whether the flexible elements are 
cables or elastic elements respectively.  
 
   
 
Figure 2: Tensegrity system built with cables, subjected to a perturbation; it doesn’t change its shape. 
 
 
   
 
Figure 3: Tensegrity system built with elastic elements, subjected to a force; it modifies its shape. 
 
Tensegrity is the optimum way to organise mechanical systems’ structure and use the energy and material, in 
order to obtain specific functions, as it is also the case in living forms. 
There are many kinds of tensegrity models and different types of them have been designed using different 
methods, but so far there are no direct mathematical methods to determine the geometrical configuration of an 
arbitrary stable spatial tensegrity system.  
More information about tensegrities can be found in specific literature such as [1, 12, 18, 27]. 
We intend to obtain new tensegrity models and reduce the diversity of the structures of tensegrities to a finite 
number of models in order to simplify the design but maintaining a great variety of functions. For this reasons we 
shall especially utilise the analogy between biological and tensegrity systems and also the TRIZ method. 
2. The strategy [4] 
The method of creativity is treated in detail in [4] and is based on a scheme similar to the one presented in [19]. 
Analogy is one of the powerful tools utilised in the process of creativity in bionics.  
Both visual images and mathematical and causal relations play a very important role in the earlier phases of 
creativity.  
For that reason, first of all, we identify in living forms the systems and subsystems that function like tensegrities 
and argue the similarities between them.   
The scheme of the initial source (the scheme-source) is realised by discarding irrelevant relations.  
After the process of retrieval and elaboration of an analogical model (the enhanced source) follows the mapping 
and transfer between the enhanced source and the probable target. If the probable target does not agree with the 
wished target, the contradictions will be eliminated with the TRIZ method. 
2.1. Tensegrity systems recognised in living forms 
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Scientists came to the conclusion that tensegrities are recognised in living forms, and this theory can be applied to 
modelling organic matter, at micro and macro levels [2-8, 11, 13-17, 20-22]. 
We especially analyse the observations of researchers in protein chemistry [29] and present some personal ones 
which sustain the introduction of tensegrity in this domain [8].  
Each protein fold consists of a folded chain of between 80 and 200 amino acids. Some proteins are composed of a 
single fold, but many others are a combination of several folds. 
Analysing the protein structure several levels of structural complexity are noted, this indicating the existence of 
four distinct structures [29].  
The linear sequence of amino acids represents the primary structure of a protein. The peptide groups have higher 
order structures. 
The local spatial arrangement of a polypeptide’s backbone atoms represents the secondary structure. 
The folding of the secondary structural elements of a protein (the three-dimensional structure of an entire 
polypeptide) represents the tertiary structure. This protein structure can be observed through X-ray crystallographic 
and nuclear magnetic resonance (NMR).   
A large number of proteins are composed of subunits. The spatial arrangement of these subunits represents the 
protein’s quaternary structure.    
The D helix and the E  sheet regular secondary structures are widespread. The D  polypeptide helix, discovered by 
Linus Pauling in 1951, is right-handed, with its core tightly packed, so that its atoms are in van der Waals contact. In 
an D  helix the hydrogen bonding occurs within one chain. In 1951 Pauling and Corey discovered the E  sheet where 
the hydrogen bonding occurs between neighbouring polypeptide chains; there are two variants of E  sheets: the 
antiparallel E  sheet and the parallel E  sheet.  
E  sheets in proteins contain more than 2 strands (an average of 6 strands) and present a right-handed twist.  
Also proteins have been classified as fibrous or globular. The three well-known fibrous proteins are: keratins, silk 
fibroins and collagens.  
Keratins could be D  keratins or E  keratins. Two keratin polypeptides form a dimer. 
Certain groups, called motifs, occur in many globular proteins: E D E  motifs, E hairpin motifs, D D  motifs, and 
E  barrels. Polypeptide chains with more than 200 residues usually fold into more than two globular clusters named 
domains.  
The conformation of the protein fold is stable; it can moves but is able to reach a state with minimum energy.  
In 1957 Christian Anfinsen demonstrated through experimental ways that proteins can be denatured reversibly. 
He also demonstrated that proteins can fold spontaneously into their native three-dimensional structures which are 
dictated by the protein’s primary form [29]. 
The previous observations support the introduction of the tensegrity concepts into the modelling of proteins. 
2.2. Applications  
Using bionics and the TRIZ method we try to realise some applications in the engineering field.  
To reduce the types of structures of tensegrities to a finite number of models, we utilise the analogy with proteins 
and the inventive principles indicated by the Contradiction Matrix.  
We present some observations that sustain this idea [29]. In nature, different symmetries can be observed at 
macro, micro and nanoscale levels. For example, approximately 7000 protein structures are known, which exhibit a 
remarkable degree of structural regularity, making it possible to be grouped into a finite number (a few hundred) of 
distinct structural families. Moreover, Denton sustained the hypothesis that they are made of Platonic forms [9, 10].  
Cyrus Levinthal demonstrated that the forming process of the protein fold to its native conformation is not 
possible through the protein’s random exploration of all the conformations available for this process until the stable 
correct one is obtained. He demonstrated that for a small protein of 100 residues the time required for the protein to 
explore all the conformations available to it is t=1087s which is not possible; many proteins fold to their native 
conformations in less than a few seconds. Proteins fold to their native conformation via directed pathways so that 
the free energy decreases [29].  
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Scientists experimentally observed that protein folding is a hierarchical process which begins with the formation 
of the elements of the secondary structure ( D helices and E  sheets) and then the whole secondary structure forms 
and stabilises; next the tertiary structure forms and sometimes the quaternary structure is developed.  
Martin Karplus realised some calculus and his conclusion is that a protein’s native structure probably consists of 
a lot of conformations with equal stabilities, which rapidly interconvert [29].  
On the other hand, we exemplify the strategy of creativity for three kinds of living systems: the dimer, the 
collagen triple helix and the Cowpea Chlorotic Mottle Virus hexamer. 
The polypeptide D  helix is right-handed but two D  keratin polypeptides, each of them being an D  helix, form a 
left-handed coil by twisting around each other (the dimer) [29].  
Unlike the dimer, the collagen triple helix has three left-handed polypeptide helices, twisted together to form a 
right-handed superhelical structure. The triple helix structure of collagen is rigid, well-packed, because the 
polypeptide chains are twisted together in the opposite direction to the conformation of the polypeptide chains, 
similarly to dimers [29].   
We put ourselves the question [8] whether we can create by analogy a tensegrity system that is able to diminish 
its rotation around the proper axis, like the dimer ( D  keratin) and the collagen triple helix, and which has cylindrical 
shape and the same structure like the Cowpea Chlorotic Mottle Virus hexamer (containing six bars, parallel two by 
two) [30]. These constitute the visual images and the relations that create the initial source (the scheme-source), 
without considering other irrelevant relations to our purpose.  
For the first aim the reducing of the tensegrity structures to a finite number of models, the TRIZ method will be 
utilised in order to eliminate the contradiction: improving the function of the systems (‘adaptability or versatility’ 
(35)), concomitantly with the worsening of the characteristic ‘device complexity’ (36); but we want to use the 
simplest possible structures and design of the structures. The contradiction which must be eliminated in this case is 
35/36.  We utilise the inventive principles recommended by the Contradiction Matrix [28]: 15 (dynamics), 29 
(pneumatics and hydraulics), 37 (thermal expansion), 28 (mechanical substitution), to eliminate the contradiction 
35/36, which appears in this case. We present a new method [5] where tensegrity systems are obtained by modifying 
Plato’s primary bodies which have triangles per faces [26], with the help of flexible elements of adjustable lengths 
by means of gas, liquid or thermal expansion.  
Further, a triangular tensegrity prism (T3 prism), composed of three bars and nine cables (Fig. 4) [1], will be 
obtained from a tetrahedron model [5]. 
 
    
a)                                 b) 
Figure 4: T3 prisms; a) right-handed; b) left-handed. 
  
Fig. 5 depicts the tetrahedron with triangles per faces such as in [5]. This system has three bars which do not 
touch one another: DE, BF, CA and the other segments are cables: AE, EB, CB, CE, CF, FD, AD and AF.  
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Figure 5: Regular tetrahedron. 
 
Modifying the lengths of the cables, according to the inventive principles 29, 37 or 28, we can transform the 
regular tetrahedron into a T3 prism. Each base is a scalene triangle, EBC and ADF respectively, both formed of 
cables (Fig. 6).  
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Figure 6: T3 prism. 
 
Diminishing the length of the cables EB and DF and adjusting the length of the cables AE and FC we obtain a 
tensegrity structure which resembles the letter X [5].  
With this "X" tensegrity system we can model the human forearm, and its movements; so, if we realise torsion of 
the model, it modifies its shape and when this action ceases, the tensegrity comes back to its stable configuration, 
like the human forearm [5, 7]. 
In conclusion, two types of tensegrity systems can be obtained from a single one. 
Also by analogy and using the inventive principle 29 (pneumatic and hydraulic) we can model the movement of 
the T3 prism with the help of parallel mechanisms composed only of rigid links (Figs. 7, 8, 9) and by acting on their 
driving joints [8].   
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Figure 7: Parallel mechanism. 
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Figure 8: Parallel mechanisms. 
 
 
       
 
Figure 9: Parallel mechanism. 
 
Using two T3 prisms, one right-handed and the other left-handed, on two layers, we can obtain another known 
model, the tensegrity icosahedron (Fig. 10), which scientists have successfully utilised to simulate the behaviour of 
systems at micro [13-15] and macro [16,17] levels.  
 
 
 
Figure 10: Tensegrity icosahedron. 
 
We used the same model, the T3 prism, to compose new systems which reproduce the movement of different 
systems of living creatures, like dimers or Cowpea Chlorotic Mottle Virus hexamers [8]. 
For this purpose, not only visual analogy, but also the relation between the polypeptide chains (which are twisted 
together in the opposite direction to the conformation of the polypeptide chains) and the inventive principles 
dynamics and "Nested doll" help us to create a new tensegrity system (Fig. 11) [8].  
We utilise two T3 prisms, one left-handed and the other right-handed (T3l, T3r prisms), one inside the other, but 
we unify them into one single tensegrity system, on a single layer (Fig. 11).  
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Figure 11: T3l, T3r prisms [8]. 
 
The system functions similarly to a dimer and to a collagen triple helix: it can not rotate around its axis, because 
one T3 prism is left-handed and the other is right-handed.  But this system can be flattened very easily (Fig. 12) into 
three planes, each of them initially containing two parallel bars.  
 
 
 
Figure 12: The new flattened model. 
 
The other question is whether this new system can be created from two T3 prisms, using one of the inventive 
principles presented by the TRIZ theory. For example, by using the principle 15 (dynamics), we can divide the 
tensegrity icosahedron into two parts, two T3 prisms capable of translation movement relative to each other. We 
obtain one left-handed T3-prism inside another right-handed T3 prism (or vice-versa), at the same time 
demonstrating the principle 7, "Nested doll". 
3. Summary 
In the last years tensegrity systems have been used to model living forms, to simulate and design locomotor 
robots [23, 24, 25] and most probably their importance will increase, because tensegrities present numerous 
advantages and behave in a very similar manner to biological systems with capability for movement. 
Our contribution refers to: 
y some personal observations, based on innovative design, that sustain the modelling of living forms’ 
structures by tensegrities; 
y we propose to reduce the tensegrity structures to a finite number of models; 
y we utilise inventive principles indicated by the Contradiction Matrix to act on the driving joints;  
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y we create a new tensegrity model, especially using the analogy between proteins and tensegrities, which 
functions similarly to a dimer and to a collagen triple helix, and we also propose it to model the Cowpea 
Chlorotic Mottle Virus hexamer. 
We conclude that it is important to pay attention to the introduction of innovative design into the tensegrity field. 
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